The aim of the studies was to compare an impact of oxidizing agents on degradation of ethylhexyl 4-methoxycinnamate acid (EHMC). The oxidation reaction was carried out in the presence of sodium hypochlorite, hydrogen peroxide and ozone with/without UV radiation. EHMC degradation and the analysis of products were performed using gas chromatograph coupled with a mass spectrometry detector. The most effective method of EHMC degradation turned out to be ozonation with participation of UV radiation. In this system, degradation proceeded most quickly and generated a small amount of by-products (2-propyl-1-pentanol; 4-metoxybenzaldehyde and Z-EHMC). Under the influence of sodium hypochlorite, numerous chloroorganic products were formed, which can cause secondary contamination of water. Application of appropriate oxidation processes can contribute to degradation of micropollutants and thus to improvement of water quality.
INTRODUCTION
In order to protect the skin against radiation, the chemical UV-filters are added to personal care products. The derivatives of cinnamic, salicylic, p-aminobenzoic acids, camphor and also benzophenones are applied as organic UV filters. The compounds that protect against UV radiation are detected in water matrices at the levels from several µg/m 3 to even several mg/m 3 [Fent et al. 2008] . They penetrate into environment as a result of the skin rinsing while bathing in a river, lake and sea [Pierogrande et al. 2007] . Their another source are waste waters from households and cosmetic industry [Giokas et al. 2007 ].
Due to their rapid spread, accumulation in living organisms, lack of permanent monitoring and so far unknown effects on environment, these pollutants are considered as emerging contaminations (ECs) [Gomez et al. 2012] . Commonly used UV filter is 2-ethylhexyl-4-methoxycinnamate (EHMC). In order to know the transformations which can undergo in water medium, the studies on the impact of various environmental factors on its behaviour were carried out. It has been shown that in presence of UV radiation, EHMC undergoes photoisomerization changing form from trans to cis [Hanson et al. 2015 The aim of the study was to compare the methods for 2-ethylhexyl 4-methoxycinnamate acid ester degradation in water matrix. The impact of oxidizing agents on the stability of EHMC was tested. The qualitative analysis of the products formed was performed. Sodium hypochlorite, hydrogen peroxide and ozone with/without UV radiation were selected as oxidizing agents.
MATERIALS AND METHODS

Materials
All chemicals were purchased from commercial suppliers and used without purification. 2-ethylhexyl 4-methoxycinnamate (E-EHMC, CAS: 5466-77-3) was obtained from Sigma-Aldrich (USA). Sodium hypochlorite NaOCl with a nominal free chlorine content of 100 g/L and H 2 O 2 (30%) were obtained from POCh (Poland). Ozone gas was produced using an ozone generator DRP-30,7 VW (Poland), the flow 4μl / min.
Reaction conditions
Stock solution (0.35 mM) E-EHMC were prepared in deionized water. In a first step, 0.1g of E-EHMC were diluting in 1 ml of methanol in order to improve EHMC solubility. So prepared solution was introduced into 1000 ml of deionized water. Then, oxidizing agents were added and the reaction mixtures, having compositions given in Table 1 , were obtained. The effect of UV irradiation was examined with the use of photoreactor equipped with a Heraeus, TQ 150W medium pressure mercury lamp (200-600 nm), magnetic stirrer (200 rpm). The temperature in the reactor was ranged from 22 to 25 °C. The reaction was performed by maximum 5h.
At 30 min intervals, the reaction mixture samples (100 mL) were extracted for 10 min by dichloromethane (20 mL). Then, so-prepared extracts were dried with anhydrous sodium sulfate. After the extract was concentrated by rotary evaporation to a volume of 1 cm 3. the OMC transformation products were detected with the use of 5890 HEWLETT PACKARD gas chromatographer equipped with a MS detector and the ZB-5MS column (0.25 mm × 30 m × 0.25 μm). The following chromatographic conditions were applied: sample volume 1μL, helium carrier gas, injector temperature 250 °C, oven temperature program from 80 to 260 °C at 10 °C/min, from 260 to 300 °C at 5 °C/min.
RESULTS AND DISCUSSION
On the basis of our studies, it was found that E-EHMC is unstable in the presence of oxidizing agents (Fig. 1) . It was observed that after 3 hours of reaction, without UV radiation, degradation of E-EHMC proceeded in 20% in the presence of hydrogen dioxide and in 35% in the presence of ozone. The most effective degradation of E-EHMC occurred in the presence of sodium hypochlorite. E-EHMC degradation is accelerated, when the oxidation process is additionally aided by UV radiation. The most effective solution was the use of ozone with UV radiation; photodegradation in this system lasted 50 minutes. However, in the case of NaOCl/UV and H 2 O 2 /UV decomposition proceeded with a similar rate and after 1.5 hours, the loss of sunscreen was about 60% and after 3 hours E-EHMC was practically completely degraded.
When selecting a method for E-EHMC removal from water matrix, the degradation by-products were also taken into consideration. Sspecial attention was paid to the compounds (4-metoxybenzaldehyde; 2-propyl-1-pentanol; 2-ethylhexyl alcohol), which in the presence of disinfectant (NaOCl) could be the source of THM and benzene chloroderivatives, which demonstrate toxic properties. It allows to estimate whether the secondary contamination of water can occur during the process of E-EHMC oxidation. The products of E-EHMC transformations under the influence of various agents are presented in Figure 2 .
Identification of products formed during E-EHMC oxidation in the presence of sodium hypochlorite was described in our previous paper [Gackowska et al. 2016 ]. In the reaction products, besides mono and EHMC dichloroderivetives, the following compounds were identified: 1-Chloro-4-methoxybenzene, 1.3-Dichloro-2-methoxybenzene, 2-Ethylhexyl chloroacetate, 3-Chloro-4-methoxybenzaldehyde, Z-EHMC, 1EHMCCl and 2EHMCCl. While applying NaOCl/UV system after 180 min of reaction, a considerably lower amount of by-products was observed. The metabolites such as 2-Ethylhexyl alcohol, Z-EHMC, 1EHMCCl and 2EHMCCl were identified in post-reaction mixture. Due to the fact that additive action of UV radiation results in formation of lower quantities of chloroorganic products, it was decided to prolong time of the solution exposure by two hours. After 5 hours of reaction in the system EHMC/NaOCl/UV only one metabolite Z-EHMC was identified (Fig. 3) .
Studies on the effect of sodium hypochlorite on EHMC oxidation were also carried out by Nakajima et al. [2009] and Santos et al. [2013] , who identified only mono and dichloroderivatives of EHMC among the reaction products. According to Nakajima et al. [2009] , in the first stage of chlorination the mutagenic products are formed which, because of their poor stability, at a later time can undergo transformations to less mutagenic compounds. Our studies suggest that UV radiation accelerates transformation of mono and dichliroderivatives of EHMC. In turn, the products of these transformations which are undesirable in purification and/or treat- ment of water, can also undergo decomposition at suitably long exposition. In the case of E-EHMC with hydrogen peroxide, the reaction proceeds very slowly. In reaction products only isomer Z-EHMC was identified. Exposure to UV radiation in this system resulted in degradation of E-EHMC. The following compounds were identified among reaction products: 2-ethylhexyl alcohol, 4-metoxybenzaldehyde and Z-EHMC [Gackowska et al. 2016] .
The most effective and generating the smallest amount of products method for removing E-EHMC from water matrix is ozonation. In the system EHMC/O 3 the following reaction products were identified: 2-ethylhexyl alcohol, 4-metoxybenzaldehyde and Z-EHMC (Fig. 4a) . It is known that ozone is a powerful oxidant capable of oxidative degradation of many trace organic pollutants, readily available and soluble in water. Under real conditions, its effectiveness can be considerably lower because it acts non-selectively and competing processes with other contaminants can occur. It was confirmed by Li et al. [2007] , who applied ozonation process for elimination of sunscreens from wastewater. They showed that the effectiveness of EHMC elimination in real conditions was lower than the expected value. Researchers do not specify what products are formed in the process of EHMC ozonation. The effectiveness of the ozonation increased when the system EHMC/ O 3 was subjected to UV radiation. The following compounds were identified in reaction products: 2-propyl-1-pentanol; 4-metoxybenzaldehyde and Z-EHMC (Fig. 4b) .
While selecting the effective oxidizing agents we should also take into consideration the impact of metabolites on the environment. Jităreanu et al. [2011] showed that lipophilic derivatives of cinnamic acid demonstrated high phytotoxic potential. In turn, chlorobenzene derivatives, which according United States Environmental Protection Agency are characterized by high toxicity to priority environment pollutants [He et al. 2000] . It should be emphasized that in each system under the study, the degradation products are formed in trace amounts and therefore, the evaluation of their effect on environment is more difficult. However, according to Kondo et al. [2005] , the mixture of chlororganic products can totally have considerably higher indicator of biodegradation than the substrate.
CONCLUSIONS
The methods of E-EHMC elimination from the water environment were compared. It was found that E-EHMC underwent the processes of oxidation, chlorination and photodegradation resulting in the formation of by-products that did not have the same toxicological profiles as the parent compound. The development of effective methods for removing organic micropollutants can contribute to the improvement of water quality.
The advanced oxidixing processes are effective for elimination of E-EHMC from the water matrix. However, it should be noted that in each variant the metabolites are formed and it can lead to secondary contamination of water. The most effective solution was while applying ozone and UV irradiation. The less by-products were formed in this process. E-EHMC oxidation with sodium hypochlorite generates chloroorganic products which can be even more toxic than the substrate. Application of processes involving UV irradiation significantly reduces time of E-EHMC degradation and contributes to degradation of chloroorganic products.
In summary, taking into account the need to develop the methods for removing micropollutants from water as well as a relative lack of data concerning the impact of products of E-EHMC transformations on water environment, the attention should be focused on research taking both these aspects into consideration.
